Introduction
In the last years, National Geographic Institute of Spain (IGE) has been strongly involved in technical aspects of geodetic VLBI. In this sense, it should be highlighted RAEGE project which foresees the installation of an Atlantic Network of geodynamical and space stations. The aim of this project is setting up a Spanish-Portuguese network of four Geodetic Fundamental Stations, two in Spain (Yebes Observatory and Gran Canaria), and two in Azores Archipelago (Santa María - Figure 1 -and Flores) which cover three tectonic plates. IGE is committed to expand its contribution to geodetic VLBI. At this aim, a VLBI analysis team has been set up in order to contribute as much as possible to IVS analysis activities. In this respect, a bid to become potential analysis center was submitted to the IVS Combination Center in January 2019. In this contribution we present the VLBI analysis activities that have been carried out so far.
VLBI analysis
The International VLBI Service for Geodesy and Astrometry (Nothnagel et al. 2017 ) is in charge of providing VLBI data and products for the scientific community. Among others, IVS products are terrestrial reference frame (TRF), the international celestial reference frame (ICRF), and Earth Orientation Parameters (EOP). Solutions in SINEX format estimated by individual Analysis Centers (AC) are combined by the IVS Combination Center and later used to produce consolidated products, for instance ITRF14, ICRF3 or IERS EOP 14 C04 series.
The selection of the VLBI analysis software package is a choice of the AC. At IGE, two VLBI software packages are currently being used. Software package Where (Kirkvik et al. 2017 ) has been used for the reprocessing of 17 years of 24-hours VLBI sessions (from 2002 to 2019). This software package has been selected as part of the bid submitted in January 2019 to become IVS analysis center in test. Where is a project of the Norwegian Mapping Authority (NMA) which is coded in Python and that can be retrieved freely through GitHub.
The other software package that is being employed at IGE for research activities is VieVS (Böhm et al. 2018 ). This software is written in MATLAB and it is also accessible through GitHub. VieVS is managed by the Department of Geodesy and Geoinformation of the Technical University of Vienna. Some experiments using VieVS were presented in EVGA 2019 . In particular, the usage of GNSS-based Zenith Total Delays in VLBI processing was tested. For this analysis, VieVS 3.1 was modified to read and use GNSS-based troposphere delays. The dataset used correspond to CONT17 campaign, in which 15 days of continuous VLBI data are available. No difference was found between using GNSS-based ZTD as a priori value or using an a priori model ( Figure 2 ). Results worsen if GNSS-based ZTDs are used as a priori value and not estimated. In any case, the evolution of the software presented could be used in the frame of VLBI intensive sessions analysis, since GNSS-based gradients improve UT1 estimation (Teke et al. 2015) .
Results in CONT17 campaign
We used CONT17 data to assess the level of agreement of our solutions with respect to other IVS ACs solutions. We analysed the 15 sessions corresponding to CONT17 and we retrieved SINEX files from individual solutions of 7 IVS ACs and the IVS combined solution. The reference products used for the comparison were IGS final Earth Rotation Parameters. We provide in Table 1 the metadata of the solutions produced using VieVS and Where software packages. To assess the inter-technique EOP accuracy we computed the weighted mean (WM) and weighted RMS (WRMS) with the formulation proposed by Nilsson et al. (2014) . IGS final solution was used as reference value and VLBI solutions were linearly interpolated at the GNSS estimate epochs (12:00 UTC). 
Gravitational deformation modelling of Yebes radio telescopes
The effect of gravity in VLBI antennas is one of the errors that should be taken into account in the analysis of VLBI data. This effect can reach several millimeters and it has to be determined specifically for each radio telescope (Sarti et al. 2009 ). Taking this fact into account, it is expected to perform a land survey of Yebes radiotelescopes using a terrestrial laser scanner attached to the antenna. In order to anticipate these activities, a simulation has been carried out to develop the routines needed for the modelling of the gravitational deformation.
A simulation of deformations in a generic antenna was made by using the Finite Element Method (FEM). In the model it was considered that the deformation caused by the structure's self weight is proportional to the square of the height. The deformed dish together with white noise added simulate the measurements of a terrestrial laser scanner to be used as a test point cloud.
Based on this data, a least-squares adjustment was computed to estimate six parameters: three translations to transform the origin of the model in the vertex of the paraboloid, two rotations to solve any misalignment between them and the focal length variation, which would be the potential input to VLBI analysis. 
Conclusions and future work
In this contribution, VLBI analysis activities carried out at IGE have been presented. IGE VLBI analysis team is driven to gain more experience on geodetic VLBI analysis and to humbly contribute as much as possible to IVS analysis activities, both in the operational analysis part and in research tasks.
The following points will be adressed in the mid term:
• Finish the needed tasks required to become IVS Analysis Center.
• Perform the survey of Yebes radiotelescope using terrestrial laser scanner measurements and model the gravitational deformation of the antenna.
• Pursue VLBI research with special focus on the comparison with GNSS products.
